METHOD AND DEVICE FOR MONITORING MOISTURE RELATED 
OPERATING CONDITION OF AN IMMERSED SOLID DIELECTRIC MATERIAL 



CROSS-REFERENCE TO RELATED APPLICATION 
5 The present application is a Continuation-ln-Part (C.I. P.) of pending 

U.S. Patent application No. 10/194,265 filed on July 15, 2002. 
FIELD OF THE INVENTION 

. 

The present invention relates to the field of sensing devices and is 
more particularly concerned with a method and a device for monitoring the 

10 moisture related operating condition of a solid dielectric material immersed in a 
dielectric fluid used in power transformers and oil-filled power cables. 
BACKGROUND OF THE INVENTION 

As it is well-known in the art of high voltage transformers, the 
moisture content of the paper insulation used to insulate the wires in the windings 

15 affects the insulation characteristic of the transformer, the higher the moisture 
content is the lower its insulating characteristic is. High moisture content reduces 
the electrical resistance of the insulation which promotes local heating, especially 
during emergency overloading of the transformer, and increases the occurrences 
of small discharges that tend to degrade even further the paper insulation. 

20 Therefore, high moisture content shortens the insulation life duration. 

It is also well known that the moisture content generally increases 
over time, mainly due to paper aging, infiltration and inspection. This increase of 
moisture content in the paper insulation forces the transformer to have a 
decreasing overload capacity over time. 
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The moisture content level of the paper insulation can be evaluated 
and/or estimated through the measurement of the moisture content level of the oil 
in which the windings, including the paper insulation, is immersed in. It is 
relatively easy to measure the moisture content of the oil since a lot of such 
5 devices are available in the market. Once the oil moisture content is known it is 
somewhat tedious to go through the analysis process in order to estimate the 
paper moisture content in different locations of the transformer. Accordingly, in 
practice, no one ever does or sees the necessity to do such an analytical 
estimation. 

10 U.S. patent No. 5,343,045 granted to Gupta on August 30, 1994, 

discloses a method and device for measuring moisture content of an absorbent 
material such as paper insulation in transformers. The device directly measures 
the humidity/moisture level in the absorbent material using an optical technique. 
The technique requires an end of an optic fiber to be installed almost in contact 

1 5 with the absorbent material or paper insulation. 

Since the device provides a local direct measurement, is preferably 
located at a critical area of the transformer. Such a critical area is not always 
easily accessible and may require a somewhat complex and expensive 
installation of the device on the transformer. Furthermore, the location of such a 

20 critical area is not really known for sure and changes with the transformer 
loading. In order to get a general overview of the paper moisture content in the 
different locations of the transformer, either a plurality of devices or a calculated 
estimation is required. Notwithstanding the fact that such a device may provide 
reliability problems over time, especially problems associated with the 
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maintaining of a proper position of the optical probe in proximity to the absorbent 
material. 

The drawbacks associated with the prior art devices is their inability 
to provide an operator/user with a constant monitoring of the moisture level of the 
5 paper insulation using relatively simple and well-known temperature and humidity 
sensors. Furthermore, the assessment of the paper moisture content for different 
locations in the transformer is never performed due to its complexity. 
Nevertheless, such an assessment could prove to be beneficial over time in order 
to significantly increase the lifetime of the transformers as well as their 
10 continuous use at a substantially higher maximum overload capacity compared to 
their usual derated overload capacity required to compensate for all of the 
unmonitored behaviors thereof, for safety reasons. 

Accordingly, there is a real need for an improved method and 
device for monitoring the moisture level of an immersed solid dielectric material. 
15 Furthermore, an oil dryer-filter connected to the transformer is 

generally used to extract water from the oil. When such a filter becomes 
saturated in water, its efficiency is considerably reduced, if not null, and could 
affect the overload capacity of the transformer until it is replaced or cleaned up. 
Although the oil filters are generally provided with a known water extraction 
20 capacity, they sometimes lose efficiency before reaching their extraction capacity, 
which is bad for the transformer. 

Accordingly, there is a need for continuously monitoring the proper 
functioning of the oil dryer-filter during operation of the high power transformer. 

Furthermore, bubble evolution from overloading of a transformer is 
25 a concern due to possible dielectric failure. Since overloading is inevitable for 



short periods during peak demand periods, it is necessary to specify the limits of 
overloading with respect to winding hot spot temperature, which determines 
bubble evolution such as the temperature at which bubbles will start to be 
formed. 

5 Accordingly, there is a need for continuously monitoring the bubble 

temperature evolution of an immersed solid dielectric material during operation of 
a power transformer of the like. 
SUMMARY OF THE INVENTION 

It is therefore a general object of the present invention to provide an 
10 improved method and device for monitoring moisture related operating condition 
of a solid dielectric material immersed in a dielectric fluid of a power transformer, 
a oil-filled power cable and the like. 

An advantage of the present invention is that the method and/or 
device for monitoring moisture related operating condition of an immersed solid 
15 dielectric material provide a relatively accurate estimate. 

A further advantage of the present invention is that the method 
and/or device for monitoring moisture related operating condition of an immersed 
solid dielectric material to provide an estimate for different locations inside the 
transformer. 

20 Yet another advantage of the present invention is that the device for 

monitoring moisture related operating condition of an immersed solid dielectric 
material is relatively stable over time. 

Still another advantage of the present invention is that the device 
for monitoring moisture related operating condition of an immersed solid dielectric 

25 material operates over very large temperature and pressure ranges. 



Still a further advantage of the present invention is that the device 
for monitoring moisture related operating condition of an immersed solid dielectric 
material can be easily installed or retrofitted on existing transformers, at 
accessible locations. 

5 Another advantage of the present invention is that the method 

and/or device for monitoring moisture related operating condition of an immersed 
solid dielectric material are not affected by the presence of contaminants within 
the dielectric fluid. 

A further advantage of the present invention is that the method 
10 and/or device for monitoring moisture related operating condition of an immersed 
solid dielectric material can be adapted by the user for use in different dielectric 
fluids and/or for different types of solid dielectric materials. 

Still another advantage of the present invention is that the method 
and/or device for monitoring moisture related operating condition of an immersed 
15 solid dielectric material can provide all sorts of useful information concerning the 
status, or health, of the transformer(s). 

Furthermore, the use of moisture detectors located upstream and 
downstream of the oil dryer-filter (any type of oil dryer apparatus, including 
vacuum type apparatus) used to extract water from the oil allows for continuous 
20 monitoring of the proper functioning of the oil filter; the upstream moisture 
detector is preferably simultaneously used for the monitoring of the moisture 
content in the immersed solid dielectric. 

Another advantage of the present invention is that the method 
and/or device for monitoring operation of a fluid dryer-filter calculate the rate of 
25 water extraction as well as the total amount of water extracted from the 



transformer oil and paper since the beginning of the dry out procedure and the 
water accumulated in the filters since the last filter cleaning or replacement (not 
applicable with vacuum-type water extraction). 

A further advantage of the present invention is that the method 
5 and/or device for monitoring moisture related operating condition of an immersed 
solid dielectric material provide for the bubble temperature evolution within a 
transformer during operation thereof. 

According to an aspect of the present invention, there is provided a 
device for monitoring moisture content level of a solid dielectric material inside an 

10 enclosure and a corresponding bubble formation temperature within the 
enclosure, said solid dielectric material being immersed in a dielectric fluid, said 
dielectric fluid filling said enclosure, said solid dielectric material and said 
dielectric fluid having a respective moisture content, said solid dielectric material 
and said dielectric fluid having known water solubility properties varying with 

15 temperature thereof, said dielectric fluid having a gas content level thereof, said 
enclosure having pressure related data thereof, said device comprises: 

- a moisture measuring means for measuring moisture content level of said 
dielectric fluid; 

- a temperature measuring means for measuring temperature level of said 
20 dielectric fluid; and 

- an electronic circuit means for computing said moisture content level of 
said solid dielectric material and said corresponding bubble formation 
temperature, said electronic circuit means being electrically connected to both 
said moisture measuring means and said temperature measuring means, said 

25 electronic circuit means having said known water solubility properties of said solid 



dielectric material and said dielectric fluid stored therein, said electronic circuit 
means processing said fluid moisture content level and said fluid temperature 
level so as to determine said solid dielectric material moisture content level and 
said bubble formation temperature using said solid dielectric material moisture 
5 content level, the dielectric fluid gas content level and the enclosure pressure 
related data. 

Typically, the electronic circuit means includes a displaying means 
for displaying said solid dielectric material moisture content level and said 
corresponding bubble formation temperature, said displaying means being 

1 0 electrically connected to said electronic circuit means. 

Typically, the device includes an operator interfacing means for an 
operator to interface with said electronic circuit means, said operator interfacing 
means being electrically connected to said electronic circuit means so as to allow 
said known water solubility properties of said solid dielectric material and said 

15 dielectric fluid, the dielectric fluid gas content level and the enclosure pressure 
related data to be provided to and stored in said electronic circuit means. 

In one embodiment, the electronic circuit means is remotely 
electrically connected to both said moisture measuring means and said 
temperature measuring means so as to allow said moisture measuring means 

20 and said temperature measuring means to be located in a generally inaccessible 
location. 

In one embodiment, the device includes an operator interfacing 

means for an operator to interface with said electronic circuit means, said 

operator interfacing means being electrically connected to said electronic circuit 

25 means, said electronic circuit means providing a sensor location menu through 
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said operator interfacing means so as to allow an operator to select a specific 
location of both said moisture measuring means and said temperature measuring 
means within said enclosure, whereby said specific location affecting 
determination of said solid dielectric material moisture content level and said 
5 corresponding bubble formation temperature by said electronic circuit means. 
In one embodiment, the device includes: 

- a second moisture measuring means for measuring second moisture 
content level of said dielectric fluid, said electronic circuit means comparing said 
first and second dielectric fluid moisture content levels and calculating a relative 

10 difference therebetween relative to said first dielectric fluid moisture content level, 
said electronic circuit means displaying on said displaying means either a 
warning message when said relative difference is equal or larger than a 
predetermined value or said solid dielectric material moisture content level and 
said corresponding bubble formation temperature when said relative difference is 
1 5 smaller than said predetermined value; 

-whereby said second moisture measuring means being a reference 
moisture measuring means to enable detection of malfunction of said device. 
In one embodiment, the device includes: 

- a second temperature measuring means for measuring second moisture 
20 temperature level of said dielectric fluid, said electronic circuit means processing 

said first and second fluid temperature levels and said fluid moisture content level 
so as to determine first and second solid dielectric material moisture content 
levels respectively, said electronic circuit means displaying on said displaying 
means an average of said first and second solid dielectric material moisture 
25 content levels and said corresponding bubble formation temperature. 



Typically, the first and second temperature measuring means are 
located adjacent bottom and top regions of the enclosure, respectively. 
Alternatively, the device includes: 

- a second moisture measuring means for measuring second moisture 
5 content level of said dielectric fluid, said electronic circuit means comparing said 

first and second dielectric fluid moisture content levels and calculating a relative 
difference therebetween relative to said first dielectric fluid moisture content level, 
said electronic circuit means processing said first and second fluid moisture 
content levels and said fluid temperature level so as to determine first and 

10 second solid dielectric material moisture content levels respectively, said 
electronic circuit means displaying on said displaying means either a warning 
message when said relative difference is equal or larger than a predetermined 
value or an average of said first and second solid dielectric material moisture 
content levels and said corresponding bubble formation temperature when said 

15 relative difference is smaller than said predetermined value; 

- whereby said second moisture measuring means being at least a 
reference moisture measuring means to enable detection of malfunction of said 
device. 

Typically, the pressure related data includes a pressure level within 
20 the enclosure, and wherein said device further includes a pressure measuring 
means for measuring pressure level within the enclosure, said electronic circuit 
means being electrically connected to said pressure measuring means. 

According to another aspect of the present invention, there is 

provided a method for monitoring moisture content level of a solid dielectric 

25 material inside an enclosure and a corresponding bubble formation temperature 
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within the enclosure, said solid dielectric material being immersed in a dielectric 
fluid, said dielectric fluid filling said enclosure, said solid dielectric material and 
said dielectric fluid having a respective moisture content, said solid dielectric 
material and said dielectric fluid having known water solubility properties varying 
5 with temperature thereof, said dielectric fluid having a gas content level thereof, 
said enclosure having pressure related data thereof, said method comprising the 
following steps: 

a) measuring moisture content level of said dielectric fluid using a 
moisture detector; 

10 b) measuring temperature level of said dielectric fluid using a 

temperature detector; and 

c) computing said solid dielectric material moisture content level and 
said corresponding bubble formation temperature using a processor electronic 
circuit, said electronic circuit being electrically connected to both said moisture 

15 detector and said temperature detector, said electronic circuit having said known 
water solubility properties of said solid dielectric material and said dielectric fluid 
stored therein, said electronic circuit processing said fluid moisture content level 
and said fluid temperature level so as to determine said solid dielectric material 
moisture content level and said bubble formation temperature using said solid 

20 dielectric material moisture content level, the dielectric fluid gas content level and 

the enclosure pressure related data. 

Typically, the method includes the step of: 

d) displaying said solid dielectric material moisture level and said 

corresponding bubble formation temperature using a display, said display being 

25 electrically connected to said electronic circuit to receive said solid dielectric 

10 



material moisture content level and said corresponding bubble formation 
temperature therefrom. 

In one embodiment, step b) includes measuring a second moisture 
content level of said dielectric fluid using a second moisture detector; step c) 
5 includes said electronic circuit processing said first and second fluid temperature 
levels and said fluid moisture content level so as to determine first and second 
solid dielectric material moisture content levels respectively; and step d) includes 
displaying on said display an average of said first and second solid dielectric 
material moisture content levels and said corresponding bubble formation 
10 temperature. 

Typically, the first and second temperature detectors are located 
adjacent bottom and top regions of the enclosure, respectively. 

Other objects and advantages of the present invention will become 
apparent from a careful reading of the detailed description provided herein, within 
15 appropriate reference to the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the annexed drawings, like reference characters indicate like 
elements throughout. 

Figure 1 is a schematic diagram illustrating a device for monitoring 
20 the moisture related operating condition of an immersed solid dielectric material 
in accordance with an embodiment of the present invention, the solid dielectric 
material of the illustration being the insulation paper used in a high power 
transformer; 
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Figure 2 is a schematic flow diagram showing a method for 
monitoring the moisture related operating condition of an immersed solid 
dielectric material in accordance with an embodiment of the present invention; 

Figure 2a is a schematic flow diagram similar to Fig. 2, showing a 
5 method for monitoring the moisture related operating condition in accordance 
with another embodiment of the present invention; 

Figure 3 is a diagram similar to Fig. 1, illustrating other locations for 
the moisture detectors of the embodiment of Fig. 1, upstream and downstream of 
an oil dryer-filter unit fluidly connected to the high power transformer; and 
10 Figure 4 is a schematic flow diagram showing the monitoring of the 

functioning of the oil dryer-filter unit of Fig. 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to the annexed drawings the preferred embodiments 
of the present invention will be herein described for indicative purpose and by no 
15 means as of limitation. 

Referring to Fig. 1, there is shown a schematic diagram of a device 
10 for monitoring moisture related operating condition of a solid dielectric material 
12 in accordance with an embodiment of the present invention, such as 
monitoring moisture content of the solid dielectric material 12 immersed in a 
20 dielectric fluid 14 inside an enclosure 16 and the corresponding bubble formation 
temperature within the enclosure 16. The dielectric fluid 14 generally entirely 
submerges the solid dielectric material 12. The solid dielectric material 12 and 
the dielectric fluid 14 have a respective moisture content, and each has known 
water solubility properties varying with their respective temperature. The 



dielectric fluid 14 has a gas content level thereof that takes into account all gases 
dissolved therein. The enclosure 16 has pressure related data associated 
therewith, such as the enclosure height (from top to bottom), the pressure level 
therein (or atmospheric pressure for a non-sealed type enclosure) and the 
5 enclosure altitude. Although the following description, schematically illustrated in 
Fig. 1, is generally focused on the solid dielectric material being the insulation 
paper 12 used to insulate the windings W of high power transformers immersed 
in oil 14, any other similar application such as oil-filled power cables and the like 
could alternatively be considered without departing from the scope of the present 

10 invention. A representative alternate application is the insulation paper wrapped 
around high power transmission cables immersed in oil and generally running 
under water and/or under ground. 

The device 10 includes a probe 18 preferably comprising first and 
second oil temperature measuring means, or detectors 20, 20a, and a first and a 

15 second oil moisture measuring means, or detector 22, 22a to measure the 
temperature level and first and second moisture content levels of the oil 14 of the 
transformer, respectively. The second oil temperature detector 20a and the 
second oil moisture detector 22a are mainly used as a validation and/or 
calibration detectors as explained hereinafter. 

20 Preferably, the moisture detectors 22, 22a are capacitance-type 

moisture sensors well known in the art since they are substantially relatively 
stable over time (years), not affected by the presence of contaminants within the 
dielectric fluid 14 and operate over very large temperature and pressure ranges. 
Obviously, any other type of moisture sensor/detector could be used without 

25 departing from the scope of the present invention. 



An electronic circuit means, preferably a microprocessor 24 or the 
like digital processor, is electrically connected to the moisture detectors 22, 22a 
and the temperature detector 20. The microprocessor 24 has the known water 
solubility properties of both the paper 12 and the oil 14, the oil gas content level 
5 and the enclosure pressure related data stored therein. 

Also, the microprocessor is electrically connected to a displaying 
means, or display 26 of any conventional type, to display any information and/or 
data useful to the operator or user. 

Before calculating the paper moisture content level, the 

10 microprocessor 24 compares the first and second oil moisture content levels to 
determine a relative difference between the two, with respect to the first moisture 
content level. This relative difference is then compared to a predetermined value 
set at a reasonable level above which a recalibration of the moisture content 
detectors 22, 22a might be required due to a divergence of their performances, 

15 thereby enabling the detection of possible malfunction of the device 10, i.e. the 
first fluid moisture content detector 22 (and similarly the first fluid temperature 
detector 20). The predetermined value is preferably set within the range varying 
between fifteen (15) and twenty-five (25) percent, preferably at twenty (20) 
percent. Similar validation process could be performed for the oil temperature 

20 level using both first and second oil temperature detectors 20, 20a. 

Accordingly, the microprocessor 24 displays either a warning 
message or the like on the display 26 when the above calculated relative 
difference is equal or larger than the predetermined value or the paper moisture 
content level (in percent (%)) when the calculated relative difference is smaller 

25 than the predetermined value. Obviously, other data such as the first oil moisture 



content level (in percent (%) and/or parts per million (ppm)), oil temperature and 
the bubble formation temperature could also be provided on the display 26. The 
calculated paper moisture content level is determined by the microprocessor 24 
that processes both the first oil moisture content level of the first moisture 
5 detector 22 and the oil temperature level of the temperature detector 20 
according to an algorithm that preferably takes into account of the location of the 
sensing probe 18 within the transformer along with the physical characteristics 
(windings, dimensions, power capacity, etc.), of the transformer and the power 
losses of the transformer. Similarly, the calculated bubble formation temperature 

10 is determined by the microprocessor 24 that processes the paper moisture 
content level, the oil gas content level and the enclosure pressure related data 
according to an algorithm that preferably takes into account of the location of the 
sensing probe 18 within the transformer along with the physical characteristics 
(windings, dimensions, power capacity, geographic location, etc.), of the 

15 transformer and the power losses of the transformer. There is no need to have a 
specific sensor for measuring the gas content of the oil since this value do not 
change significantly over an extended period of time such as a few years. 
Although not required, there could be a specific pressure sensor for measuring 
the pressure inside the enclosure 16 connected to the microprocessor 24 since 

20 this value can change significantly over a relatively short period of time such as a 
few hours, especially for sealed-type enclosures 16. Accordingly, the device 10 
includes a pressure measuring means, or sensor 23, for measuring the pressure 
level within the enclosure 16, the electronic circuit means 23 is electrically 
connected to the enclosure pressure sensor 23. 

15 



Eventually, the microprocessor 24 could display a visual alarm 
and/or play an audible alarm when a bubble formation temperature alarm set 
point that can be set-up to a preset alarm value has been reached, depending on 
the type of display 26 or peripheral devices connected thereto. Similarly, a paper 
5 moisture content alarm set point could be set by the user/operator. 

Although not required, the device 10 preferably includes an 
operator interfacing means, or keypad 28 and the like, for an operator to interface 
with the microprocessor 24. The keypad 28, electrically connected to the 
microprocessor 24, can for example allow the operator to select the specific 

10 dielectric fluid among a fluid selection menu provided by the microprocessor 24 
on the display 26, the oil gas content level and the enclosure pressure related 
data (preferably provided with the keypad 28), the water solubility properties of 
each fluid being already stored into the microprocessor 24, or any conventional 
peripheral component connected thereto. Alternatively, the operator could select 

15 a new fluid and provide its water solubility properties to the microprocessor 24 via 
the keypad 28. 

SimHarly, a solid material selection menu could be considered for 

the different most widely used insulation papers. 

Furthermore, it is well known in the art of high voltage transformers 

20 that the temperature and the moisture content of the oil 14 vary with its location 

within the transformer. Accordingly, the microprocessor 24 could also provide a 

probe location menu through the display 26 so as to allow an operator to select a 

specific location of the probe 18 containing the moisture detectors 22, 22a and 

the temperature detector 20 within the enclosure 16 via the keypad 28; the 

25 specific location obviously affecting the determination of the solid dielectric 
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material moisture content level and the bubble formation temperature by the 
microprocessor 24. 

Depending on the specific location of the probe 18, more that one 
probe 18\ 18" connected to a same microprocessor 24 can be preferred, as 
5 illustrated in Fig. 3 by the alternate probes 18\ 18" located at both the inlet 38 
(upstream) and the outlet 40 (downstream) of an oil filtering unit 30 used to dry 
and clean the oil 14 of the transformer. 

Although only the inlet alternate probe 18' is sufficient for the 
determination of the paper moisture content level, the outlet alternate probe 18" 

10 is used to simultaneously monitor the operation and assess the saturation state 
of an oil dryer-filter 34, or functioning state of any type of water extraction 
apparatus (including vacuum type apparatuses), located between the filtering unit 
inlet 38 and outlet 40. Accordingly, two generally identical oil moisture content 
levels detected from both probes 1 8', 18", or water concentrations calculated 

1 5 therefrom, within a filter predetermined value of about between two (2) and fifteen 
(15) percent, and more preferably five percent (5%), when relatively compared to 
each other by the microprocessor 24, indicate that the oil filter 34 is saturated, or 
malfunctioning, since no change occurred to the oil flowing through the filter 34 
(no more detectable drying-filtering action). It is important to note that the water 

20 concentration is calculated from the measured moisture content level and the 
measured temperature level. 

Alternatively, two moisture content levels from both probes 18\ 18" 
slightly differing from each other, beyond preferably five percent (5%), indicate 
that the oil filter 34 is not saturated yet, or properly functioning, since some 

25 detectable oil drying-filtering action occurred to the oil 14 between the two probes 



18\ 18". It is obvious that the smaller the filter predetermined value is the more 
accurate the assessment is, as long as the measurement accuracy of the 
moisture detectors 22', 22" of the probes 18', 18" permits such a smaller filter 
predetermined value. This is also an important factor that the oil filter 34 be 
5 active and properly operating to increase the life duration of the transformer and 
maintain its overload capacity. 

Typically the dryer-filter 34, or the filter unit 30, includes a fluid 
flowrate measuring means, preferably a volumetric pump 36 located upstream of 
the dryer-filter 34, for measuring the flowrate of the oil 14 flowing through the 

10 dryer-filter 34. Obviously, any other type of fluid flow meter, either built-in the 
filter 34 or not, could be used without departing from the scope of the present 
invention. As shown in long dashed lines in Fig. 3, the pump 36 is electrically 
connected to the microprocessor 24 for the latter to calculate a water extracting 
rate of the dryer-filter 34 using the flowrate of the pump 36 with the upstream and 

15 downstream moisture content levels and temperature levels measured by the 
moisture detectors 22\ 22" and the temperature detectors 20, so as to allow an 
assessment of the operation of the dryer-filter 34 by the device 10. 

Preferably, the microprocessor 24 includes a time register 42 which 
is reset to zero (0) upon cleaning or replacement of the dryer-filter 34. The 

20 microprocessor 24 computes a total amount of water extraction since the reset of 
the time register 42 (or last maintenance/replacement of the dryer-filter 34) from 
the calculated water extracting rate of the dryer-filter 34. 

Any information calculated or nor, such the filter warning message, 
the water extracting rate and/or the total amount of water extraction can be 

25 displayed on the display 26. 
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The microprocessor 24 typically provides a dryer-filter menu 
through the operator interfacing means so as to allow the operator to enter a 
water extraction capacity of the dryer-filter 34 and a flowrate associated with the 
pump 36 or the like to the microprocessor 24 through the keypad 28. 
5 Consequently, the microprocessor 24 compares the calculated total amount of 
water extraction to the water extraction capacity in order to provide an 
assessment of the operation of the dryer-filter 34 by providing the operator with a 
general remaining time on the display 26 before the next cleaning or replacement 
of the dryer-filter 34 is required. 

10 As it would be obvious to one skilled in the art, the microprocessor 

24 can be electrically connected to a remote unit 32 such as a conventional main 
computer, a handheld computer, laptop computer or the like, preferably having its 
own display and keypad, used to post-process the data (oil moisture content 
level, oil temperature level and/or paper moisture content level) obtained from at 

15 least one probe 18 connected to one or more microprocessor circuits 24, from a 
same or different transformers. Post-processing includes here any type of 
conventional post-processing form and/or further algorithmic calculation, usually 
time-consuming, to determine real-time overload capacity of the transformer(s) 
from evaluation of paper moisture content levels at different critical areas of the 

20 transformer(s). 

The probes 18 of the device 10 of the present invention can be 

either installed during manufacturing of the transformers or retrofitted in existing 

transformers. Accordingly, the location of these probes 18 could eventually be 

relatively inaccessible to an operator. Therefore, all electrical connections 

25 described hereinabove between the different components could be remote or 
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wireless type connections without departing from the scope of the present 
invention, as illustrated in short dashed lines in Figs. 1 and 3, although the 
physical electrical links are preferred for reliability purposes. 

The present invention also refers to a method for monitoring 
5 moisture content of a solid dielectric material 12 immersed in a dielectric fluid 14 
inside an enclosure 16 and a corresponding bubble formation temperature within 
the enclosure 16, as schematically represented by the flow diagrams of Figs. 2 
and 2a. The method comprises the following steps of: 

a) measuring moisture content level of the dielectric fluid, or oil 14, using a 
1 0 moisture detector 22; 

b) measuring temperature level of the oil 14 using a temperature detector 
20; and 

c) computing the solid dielectric material moisture level and the 
corresponding bubble formation temperature using an electronic circuit or 

15 microprocessor 24, the latter being electrically connected to both the moisture 
detector 22 and the temperature detector 20. 

The method preferably includes the step of: 

d) displaying the solid dielectric material moisture content level and the 
corresponding bubble formation temperature using the display 26. 

20 In the method, the step a) could include the measurement of a 

second moisture content level of the oil 14 using a second moisture detector 22a. 
Step c) includes the comparison of the first and second dielectric fluid moisture 
content levels and the calculation of a relative difference there between, relative 
to the first dielectric fluid moisture content level. And the following step: 

20 



d) displaying on the display 26 either a warning message when the relative 
difference is equal or larger than the predetermined value hereinabove described 
or the solid dielectric material moisture content level and the corresponding 
bubble formation temperature when the relative difference is smaller than the 
5 predetermined value. 

Alternatively, in the method, the step b) could include the 
measurement of a second temperature level of the oil 14 using a second 
temperature detector 20'. Step c) includes the processing of the first and second 
fluid temperature levels and the fluid moisture content level so as to determine 
10 first and second solid dielectric material moisture content levels respectively. 
And the following step: 

d) displaying on the display 26 either an average of the first and second 
solid dielectric material moisture content levels and the corresponding bubble 
formation temperature. 
15 Alternatively, as illustrated by dashed connecting lines in Fig. 2, the 

method could include the step of: 

d) sending the solid dielectric material moisture level to a remote unit 32, 
such as a micro-computer, a handheld computer or the like, so as to allow post- 
processing thereof; the computer device is electrically connected to the 
20 microprocessor. 

Optionally, the method includes after step b) the step of: 
b1) providing an operator interface or keypad 28 so as to allow the 
operator to interface with the microprocessor 24, possibly via a remote unit or 
handheld computer 32 connected thereto, and either perform a selection of the 
25 paper material 12 and/or oil 14 among a material selection menu provided by the 



microprocessor 24 on the display 26 or enter the known water solubility 
properties of a new paper material 12 and/or oil 14 present in the transformer, the 
oil gas content level and the enclosure pressure related data. 

Similarly, stepbl) could allow an operator to select a specific 
5 location of the probe 18 within the enclosure 16 among a detector location menu 
provided by the microprocessor 24 on the display 26 through the keypad 28. 

Especially when the enclosure 16 is a sealed-type enclosure, 
step a) includes measuring a pressure level of the enclosure 16 using a pressure 
sensor 23; and step c) includes the electronic circuit 24 being electrically 
10 connected to the pressure sensor 23. 

As illustrated in Fig. 3, when the probe 18' is located upstream of 
the dryer-filter 34, it could simultaneously be used, in conjunction with a second 
probe 18" located downstream of the dryer-filter 34, to monitor the operation of 
the latter. 

15 Obviously, one skilled in the art would understand that the steps 

referring to a measurement do not have a specific order and could ultimately all 
be performed simultaneously without departing from the scope of the present 
invention. 

Accordingly, as illustrated in the schematic flow diagram of Fig. 4, 
20 the method for monitoring the operation of the oil dryer-filter 34 comprises the 
following steps of: 

- measuring a first inlet moisture content level of the oil 14 upstream of the 

oil dryer-filter 34 using an inlet moisture detector 22'; 

-measuring a second outlet moisture content level of the oil 14 

25 downstream of the oil dryer-filter 34 an outlet moisture detector 22"; and 
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- computing a filter relative difference between the first and second 
dielectric fluid moisture content levels relative to the first dielectric fluid moisture 
content level using a microprocessor 24. The latter is electrically connected to 
both first and second moisture detectors 22\ 22" and provides a filter warning 

5 message when the filter relative difference is equal or smaller than a filter 
predetermined value; 

- whereby the method enables detection of saturation or malfunctioning 
state of the dryer-filter 34. 

Optionally, the dryer-filter 34 includes a fluid flowrate measuring 
10 means, or volumetric pump 36, electrically connected to the microprocessor 24 to 
measure the flowrate of oil 14 flowing through the dryer-filter 34, and the method 
further includes the step of: 

- measuring a first temperature level of the oil 14 upstream of the fluid ' 
dryer-filter 34 using a first temperature detector 20; 

15 - measuring a second temperature level of the oil 14 downstream of the 

fluid dryer-filter 34 using a second temperature detector 20; 

- computing a water extracting rate of the dryer-filter 34 with the 
microprocessor 24 using the flowrate of the oil 14, the first and second moisture 
content levels and the first and second temperature levels, the microprocessor 24 

20 being electrically connected to the pump 36 and the first and second temperature 
detectors 20; whereby the method allows for assessment of the operation of the 
dryer-filter 34. 

Also, the microprocessor 24 includes a time register 42, and the 
method further includes the steps of: 



- resetting the time register 42 to zero (0) upon cleaning or replacement of 
the dryer-filter 34; and 

- computing a total amount of water extraction since resetting of the time 
register 42 from the water extracting rate of the dryer-filter 34. 

5 Typically, the method includes the step of providing an operator 

interface, or keyboard 28 /display 26, electrically connected to the 
microprocessor 24 for an operator to interface therewith. The microprocessor 24 
provides a dryer-filter menu through the display 26 so as to allow an operator to 
provide the microprocessor 24 with a water extraction capacity of the dryer-filter 

10 34 and a flowrate of the pump 36. The microprocessor 24 compares the total 
amount of water extraction to the water extraction capacity to determine 
assessment of the proper operation of the dryer-filter 34 and to provide the 
operator with a general remaining time on the display 26 before a next cleaning 
or replacement of the dryer-filter 34 is required. 

15 The above description always refers to the first oil moisture content 

level being used in the calculation of the paper moisture content level when two 
moisture detectors 22, 22a are present in the probe 18, but the second oil 
moisture content level, or either an average of the two, can be used in the 
calculation of the paper moisture content level without departing from the scope 

20 of the present invention. Similarly, when two probes 18, 18' located in different 
regions of the transformer (such as top and bottom regions of the enclosure 16 
as shown in Fig. 1, or the like) are considered, the paper moisture content level 
could be an average of first and second paper moisture content levels 
determined from either first and second oil moisture content levels obtained from 

25 first and second oil moisture detectors 22', 22" and the first and second oil 



temperature levels obtained from corresponding first and second oil temperature 
detectors 20 respectively, or the oil moisture content level obtained from the oil 
moisture detector 22 and the first and second oil temperature levels obtained 
from first and second oil temperature detectors 20, 20', respectively. Typically, 
the bubble formation temperature assessment is performed for the insulation 
paper 12 located adjacent one third of the transformer enclosure 16 height below 
the top region, although it could be performed for any other location therein. 

Although not specified hereinabove, the device 10 preferably 
continuously monitors the paper moisture content level, many times per seconds, 
any monitoring rate could be considered depending on the specific need of the 
operator and without departing from the scope of the present invention. 

Although the present method and/or device for monitoring moisture 
related operating condition of an immersed solid dielectric material have been 
described with a certain degree of particularity, it is to be understood that the 
disclosure has been made by way of example only and that the present invention 
is not limited to the features of the embodiments described and illustrated herein, 
but includes all variations and modifications within the scope and spirit of the 
invention as hereinafter claimed. 
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